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(54) [Title of the Invention] MOS Type Semiconductor 
Device Having SOI Structure and Method for Fabricating 
Same 

(57) [Abstract] 

[Object] To suppress a decline in the performance of 
a transistor due to an increase in the capacity of a gate 
electrode in the case of provision of a body contact 
region. 

[Configuration] A source region 6 connected with a 
source electrode 10 and a drain region 7 connected with a 
drain electrode 11 are formed on a silicon layer 16 on an 
insulating film 15 across a channel region 9, a body 
contact region 8 is formed in connection with the channel 
region 9, a body contact electrode 12 is connected with 
the body contact region 8, and a gate electrode 5 is 
formed through a gate insulating film 4 on the channel 
region 9 and through an insulating film 18, thicker than 
a gate insulating film 4 on a part of the body contact 
region 8. 



[SCOPE OF CLAIM FOR PATENT] 

[Claim 1] An SOI structure MOS type semiconductor 
device characterized in that a source region connected to 
a first electrode and a drain region connected to a 
second electrode are formed on a semiconductor layer on 
an insulating film while a channel region is sandwiched 
therebetween, a first semiconductor layer is formed 
connected to said channel region, a third electrode is 
connected to the first semiconductor layer, and a gate 
electrode is formed through a first insulating layer and 
a second insulating layer, at a part of the first 
semiconductor layer, greater in thickness than the first 
insulating layer on the channel region. 

[Claim 2] A method for fabricating an SOI structure 
MOS type semiconductor device characterized by having: 

a step of forming an element isolation oxide film by 
selectively oxidizing a silicon substrate formed on an 
insulating film leaving element formation regions , 

a step of oxidizing a surface of the element 
formation regions to form a first oxide film, 

a step of removing part of first oxide film, 

a step of oxidizing the silicon substrate to form a 
gate oxide film at a region from which the first oxide 
film was removed and increasing the thickness of the 
first oxide film left behind to form a second oxide film, 

a step of forming a gate electrode on the gate oxide 

film, 

a step of doping an impurity into the semiconductor 
region contiguous with the region directly under the gate 
oxide film to form a source region and a drain region, 
and 

a step of forming a body contact in the 
semiconductor region connected to the channel region. 
[Detailed Description of the Invention] 
[0001 ] 

[Field of Utilization in Industry] The present 
invention relates to an SOI structure MOS type 
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semiconductor device formed on a semiconductor layer 
formed on an insulating film and a method for fabricating 
the same, more particularly relates to an SOI structure 
MOS type semiconductor device which has a body contact 
which suppresses an increase in gate electrode capacity 
and a method for fabricating the same. 
[0002] 

[Prior Art] A MOS type semiconductor device formed 
on a substrate of an SOI structure has the characteristic 
feature that the semiconductor substrate and the regions 
where the transistors etc. are formed are completely 
separated by an insulating film. 

[0003] With this type of MOS type semiconductor 
device, since carriers accumulate in the semiconductor 
region forming the channel directly under a gate 
electrode , the threshold sometimes changes . As means for 
dealing with such fluctuations in threshold, there are 
the method of draining the stored carriers by a body 
contact and a method of fully depleting the semiconductor 
region forming the channel to prevent storage of 
carriers . 

[0004] However, while the configurations of FIG. 10 
to FIG. 12 explained below have been proposed as methods 
for body contact, with the method of body contact, it is 
necessary to provide a body contact electrode and the 
area of an element becomes larger, so this is unsuitable 
for miniaturization of elements. For this reason, many 
studies have been made in the direction of full 
depletion. Specifically, no deep studies have been made 
about the problem of using a body contact. 

[0005] FIG. 10 gives views explaining the 
configuration of a MOS type semiconductor device which 
has a body contact, wherein FIG. 10(a) is a plan view and 
FIG. 10(b) is its sectional view. In FIG. 10, 1 is a 

p~-type silicon substrate, 3 is an active region 
comprised of silicon covered by an oxide film 2 for 
element isolation, 4 is a gate insulating film formed at 
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a pr determined region of the active region 3, 5 is a 
gate electrode formed via the gate insulating film 4 on 
the active region 3, and 5 ' is a gate terminal. 

[000 6] Moreover, 6 is a source region formed by 
doping an n+ impurity into one of the two sides of the 
gate electrode 5 of the active region 3, 7 is a drain 
region formed by doping an n+ impurity in the other of 
the two sides of the gate electrode 5 of the active 
region 3, and 8 is a body contact region formed by doping 
a p+ impurity in the active region 3, Reference numeral 9 
is a channel region under the gate electrode 5 sandwiched 
between the source region 6 and the drain region 7 of the 
active region 3 . 

[0007] Moreover, 10 is a source electrode connected 
through a not shown contact with the source region 6, 11 
is a drain electrode connected through a not shown 
contact with the drain region 7, 12' is a terminal 
corresponding to a body contact electrode connected 
through a not shown contact with the body contact region 
8, and 13 is an interlayer insulating film for insulation 
between electrodes. 

[0008] The thus configured N-channel MOSFET enables 
the terminal 12 ' to be provided independently of the gate 
electrode 5, drain electrode 11, and source electrode 10, 
so the transistor operation can be controlled by 
supplying potentials independently to the gate electrode 
5, drain electrode 11, source electrode 10, and terminal 
12' . 

[0009] Therefore, in an N-channel MOSFET formed on a 
bulk structure constituted in this way, since the 
terminal 12 • can be taken out through the semiconductor 
substrate 1 , it can be provided independently from the 
gate electrode 5, drain electrode 11, and source 
electrode 10. 

[0010] However, in a MOS type semiconductor device 
which forms a MOSFET on an SOI structure, since the 
transistor formation region and substrate are separated 
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by a buried oxide film, it is difficult to take out the 
body contact electrode, which corresponds to the terminal 
12', in the same way as in the method explained in FIG. 
10. 

[0011] Note that, in a MOS type semiconductor device 
which forms a MOSFET on an SOI structure, if a body 
contact electrode 12 corresponding to the terminal 12' is 
not provided, due to the fluctuations in the potential of 
the body contact region 8 during operation of the MOSFET, 
a kink phenomenon due to fluctuation of the threshold 
voltage and deterioration of the drain breakdown voltage 
due to the body contact region 8 operating as a base of a 
bipolar transistor will occur and normal MOSFET operation 
cannot be obtained. 

[0012] To solve this problem, a MOS type 
semiconductor device has been proposed in which, as shown 
in the plan view in FIG . 11(a) and in the sectional view 
along the line B-B ' in FIG. 11(b), a source region 6 is 

formed on a p~-type silicon layer 16 formed on the 
surface of a silicon substrate 14 through an insulating 
film 15 and a body contact electrode 12 is provided near 
this source region 6 . 

[0013] According to such a configuration, the 
potential of the body contact electrode 12 is set to be 
equal to the source electrode 10. For this reason, an 
inconvenience arises in that the potential of the body 
contact electrode 12 is not able to be set to a potential 
different from the source electrode 10. 

[0014] For example, in a normal MOSFET, the source 
electrode 10 and the drain electrode 11 are not fixed 
from the start and can be interchanged according to a 
circuit operation. However, when providing the body 
contact electrode 12 as shown in FIG. 11, the source 
electrode 10 and the drain electrode 11 have to be fixed 
and therefore there is a restriction in circuit design. 

[0015] To solve this problem, a MOS type 
semiconductor device has been proposed wherein, as shown 
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in FIG. 12(a) and FIG, 12(b) in the same way as FIG. 11 , 
a body contact electrode 12 is provided on an extension 
of the gate electrode 5 . According to such a 
configuration, the body contact electrode 12 can be set 
in potential independently of both the source electrode 
10 and the drain electrode 11. 
[0016] 

[Problems to be Solved by the Invention] However, in 
a MOSFET constituted in this way, the performance of the 
transistor can be expressed by Gm/Cg when the capacity 
formed between the gate electrode 5 and the body contact 
electrode 12 is Cg and the maximum value of change of the 
drain current with respect to the change of voltage of 
the gate electrode 5 is Gnu 

[0017] Comparing this transistor performance Gm/Cg 
between a MOSFET on a bulk of FIG. 10 and a MOSFET on a 
SOI of FIG. 12, when the thickness, channel length, and 
channel width of the gate insulating film 4 are equal, 
the maximum Gm becomes equal, but the capacity Cg will 
become larger in the configuration of FIG. 12 than the 
configuration of FIG. 10. That is, with the configuration 
of FIG. 12, an extra gate capacity corresponding to the 
area of the hatched portion is added and thereby causes 
deterioration of the transistor performance. 

[0018] With the thus configured conventional SOI 
structure MOS semiconductor device, there was the problem 
that the capacity between the gate electrode 5 and the 
body contact region 8 for taking the body contact 
electrode 12 was relatively large, there was a large 
influence on the operating speed of the transistor, and 
the transistor performance deteriorated. 

[0019] Therefore, the present invention was made to 
solve the above problems in the prior art and has as its 
object to provide an SOI structure MOS type semiconductor 
device which can suppress a decline in the transistor 
performance due to an increase in the gate electrode 
capacity when providing a body contact region, and a 
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method for fabricating the same. 
[0020] 

[Means for Solving the Problem] Xn order to achieve 
this object, the SOI structure MOS type semiconductor 
device according to the present invention 
is one in which a source region connected to a first 
electrode and a drain region connected to a second 
electrode are formed on a semiconductor layer on an 
insulating film while a channel region is sandwiched 
therebetween, a first semiconductor layer is formed 
connected to said channel region, a third electrode is 
connected to the first semiconductor layer, and a gate 
electrode is formed through a first insulating layer and 
a second insulating layer, at a part of the first 
semiconductor layer, greater in thickness than the first 
insulating layer on the channel region. 

[0021] Further, the method for fabricating an SOI 
structure MOS type semiconductor device according to the 
present invention is one comprised of a step of forming 
an element isolation oxide film by selectively oxidizing 
a silicon substrate formed on an insulating film leaving 
element formation regions, a step of oxidizing a surface 
of the element formation regions to form a first oxide 
film, a step of removing part of the first oxide film, a 
step of oxidizing the silicon substrate to form a gate 
oxide film at a region from which the first oxide film 
was removed and increasing the thickness of the first 
oxide film left behind to form a second oxide film, a 
step of forming a gate electrode on the gate oxide film, 
a step of doping an impurity into the semiconductor 
region contiguous to the region directly under the gate 
oxide film to form a source region and a drain region, 
and a step of forming a body contact in the semiconductor 
region connected to the channel region. 

[0022] 

[Mode of Operation] In the present invention, the 
increase in the gate capacity is suppressed by thickly 
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forming a second insulating layer connecting with the 
first insulating layer and forming a gate electrode on 
these films. 
[0023] 

[Embodiments] Below, embodiments of the present 
invention will be explained in detail using the drawings. 
FIG. 1 gives views of the configuration of a MOSFET 
explaining an embodiment of a SOI structure MOS 
semiconductor device according to the present invention, 
wherein FIG. 1(a) is a plan view of principal parts and 
FIG. 1(b) is a sectional view along the line B-B ' line. 
Portions the same sign with FIG, 12 are given the same 

reference numerals. In FIG. 1, a p + -type body contact 
region 8 is formed contiguously with the front end of the 
gate electrode 5 on its extension, while the body contact 
electrode 12 is formed on this body contact region 8. 

[0024 ] Moreover, on a p~-type silicon layer 16 
contiguous with the body contact region 8 of the gate 
electrode 5, an insulating film 18 is formed which is 
connected with a gate insulating film 4, and thicker than 
this gate insulating film 4, on a channel region 9. The 
gate electrode 5 is formed over the gate insulating film 

4 and this insulating film 18. In this case, the thick 
insulating film 18 is structured formed in the hatched 
region 17 of FIG. 1(a) in the region for formation of the 
gate electrode 5 and is formed continuous from the gate 
insulating film 4 on the channel region 9. Note that the 
thickness of this insulating film 18 is made 2 to 5 times 
the thickness of the gate insulating film 4 directly 
under the gate electrode 5 . 

[0025] In such a configuration, the source region 6, 
drain region 7, and gate electrode 5 are indispensable in 
order to operate the MOSFET. Ideally, the gate electrode 

5 is present between the source region 6 and the drain 
region 7, but in an actual manufacturing process, since 
it is necessary to expect some variation in the precision 
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of the masks used for forming the structures, the gate 
electrode 5 is formed extending to other regions such as 
the body contact region 8 . 

[0026] According to such a configuration, since the 
gate oxide film 18 in the hatched region 17 forming the 
portion increasing the gate capacity of the gate 
electrode 5 is formed thickly, a gate capacity 
corresponding to the area of this hatched region 17 is no 
longer added and the increase of the gate capacity is 
suppressed. 

[0027] FIG. 2 gives views of the configuration of a 
MOSFET explaining another example of a SOI structure MOS 
type semiconductor device according to the present 
invention, wherein FIG. 2(a) is a plan view of principal 
parts, and FIG. 2(b) is sectional view along the line 
B-B'. Portions the same as in the above figures are given 
the same reference numerals. In FIG. 2, the point 
different from FIG. 1 is that a p""-type connection region 

19 is formed connected with the p + -type body contact 
region 8 formed at the front end of the gate electrode 5 
at each side of the source region 6 and the drain region 
7 . 

[0028] Moreover, the gate electrode 5 is formed 
intersecting both the connection region 19 and body 
contact region 8. Directly under the gate electrode 5 at 
this connection region 19 and the body contact region 8, 
an insulating film 18 thicker than this gate insulating 
film 4 is formed and connected with the gate insulating 
film 4 on the channel region 9. The gate electrode 5 is 
formed over the gate insulating film 4 and this 
insulating film 18. In this case as well, the thick 
insulating film 18 is formed continuous with the gate 
insulating film 4 in the hatched region 17 shown in FIG. 
2(a). 

[0029] In such a configuration, a region formed with 
the thick insulating film 18 is made part of the 
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connection region 19 because masks are necessary to 
change the thickness of the gate insulating film 4 for 
every region and it is necessary to expect variation in 
their precision, so a location is formed where the 
thickness of the insulating film 18 is the same as the 
thickness of the gate insulating film 4 at the portion of 
transition from the regions for formation of the source 
region 6 and the drain region 7 to the connection region 
19. 

[0030] In such a configuration as well, since the 
gate oxide film 18 in the hatched region 17 forming the 
portion increasing the gate capacity of the gate 
electrode 5 is formed thickly, a gate capacity 
corresponding to the area of this hatched region 17 is no 
longer added and the increase of the gate capacity is 
suppressed . 

[0031] Next, the method for fabricating the SOI 
structure MOS semiconductor device constituted in this 
way is explained. FIG. 3 to FIG . 9(a) are sectional views 
of principal parts showing steps of a MOSFET explaining 
an embodiment of the method for fabricating a SOI 
structure MOS semiconductor device. Note that FIG. 9(b) 
is a plan view of FIG. 9(a). 

[0032] First, as shown in FIG. 3, a substrate 20 

having a p"-type silicon layer 16 formed via an 
insulating film 15 on a silicon substrate 14 is prepared. 
Next, as shown in FIG. 4, a not illustrated anti- 
oxidation film such as silicon nitride is formed on the 
element formation regions of this silicon layer 16, and 
the regions other than the element formation regions are 
selectively oxidized by an ordinary process to form an 
element isolation oxide film 2. 

[0033] Next, the anti-oxidation film is removed to 
expose the silicon layer 16 and, as shown in FIG. 5, the 
surface of the element formation regions are oxidized to 
form the first oxide film 21. The regions with a low 
crystallinity formed at the ends of the selectively 
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oxidized regions are oxidized by this step (sacrificial 
oxidation) . 

[0034] Next, as shown in FIG. 6, the first oxide 
film 21 of the element formation regions is removed by 
the usual etching method. Furthermore, this substrate 2 0 
is oxidized. Due to this, as shown in FIG. 7, a gate 
insulating film 4 is formed in the regions from which the 
first oxide film 21 was removed, while the thickness of 
the remaining first oxide film 21 is also increased and a 
thick second insulating film 18 is formed. 

[0035] Next, as shown in FIG. 8, the gate electrode 
5 is formed on the gate insulating film 4. An impurity is 
doped into the silicon layer 16 contiguous with the 
channel region 9 directly under this gate electrode 5. 
Due to this, as shown in FIG. 9(b), the source region 6 
and the drain region 7 are formed. 

[0036] Further, part of the second oxide film 18 
formed on the silicon layer 16 connected with the channel 
region 9 is etched to form the body contact 22, then an 
impurity is doped into this body contact 22 to form an 
SOI structure MOS semiconductor device as shown in FIGS. 
9(a) and (b) . 

[0037] According to this process of production, by 
using a sacrificial oxidization step and a gate 
insulating film formation step, the oxide film 18 with 
the different thickness can be formed with the minimum 
number of steps and an unnecessary heat treatment etc. 
becomes no longer necessary. 

[0038] Note that, in the embodiments mentioned 
above, the explanation was given with reference to a 
structure where the structure of the body contact 
electrode was one which could be interchanged between the 
source region and the drain region, but of course the 
invention can also be applied to a case of providing the 
body contact electrode at the source region side. 

[0039] Moreover, in the embodiments mentioned above, 
the explanation was given with reference to a case of an 
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N-channel MOSFET as the SOI structure MOS type 
semiconductor device, but the same effect is obtained as 
above in the case of a P-channel MOSFET by just switching 
the N-type and P-type. 
[0040] 

[Effect of the Invention] As mentioned above, 
according to the SOI structure MOS type semiconductor 
device according to the present invention, since a 
decline in the transistor performance due to an increase 
in the gate electrode capacity in the case of providing a 
body contact can be suppressed, there is the extremely 
excellent effect that a high performance MOS type 
semiconductor device which takes advantage of the 
characteristic features of the SOI structure is obtained. 

[0041] Moreover, according to the process of 
production of the SOI structure MOS type semiconductor 
device according to the present invention, there is the 
extremely excellent effect that an SOI structure MOS type 
semiconductor device which has a body contact can be 
formed easily with the minimum number of steps. 

[Brief Description of the Drawings] 

[FIG. 1] is a view explaining the configuration 
according to an embodiment of an SOI structure MOS type 
semiconductor device of the present invention. 

[FIG. 2] is a view explaining the configuration 
according to another embodiment of an SOI structure MOS 
type semiconductor device according to the present 
invention . 

[FIG. 3] is a sectional view of principal parts at 
an initial step for explaining an embodiment of the 
process of production of an SOI structure MOS type 
semiconductor device according to the present invention. 

[FIG. 4] is a sectional view of the step following 
FIG. 3. 

[FIG. 5] is a sectional view of the step following 
FIG. 4. 

[FIG. 6 ] is a sectional view of the step following 
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FIG. 5. 

[FIG. 7 ] is a sectional view of the step following 
FIG. 6. 

[FIG. 8] is a sectional view of the step following 
FIG. 7. 

[FIG. 9] is a sectional view and plan view of the 
step following FIG. 8. 

[FIG. 10] is a view explaining the configuration of 
a conventional MOS type semiconductor device. 

[FIG. 11] is a view explaining the configuration of 
a conventional SOI structure MOS type semiconductor 
device . 

[FIG. 12] is a view explaining the configuration of 
a conventional SOI structure MOS type semiconductor 
device . 

[Explanation of Symbols] 

1... silicon substrate, 2... oxide film, 3... active 
region, 4... gate insulating film, 5... gate electrode, 
6... source region, 7... drain region, 8... body contact 
region, 9.., channel region, 10... source electrode, 
11... drain electrode, 12... body contact electrode, 
13... interlayer insulating film, 14... silicon 

substrate, 15... insulating film, 16... p~-type layer, 
17... region for changing gate insulating film, 18... 
insulating film, 19... connection region, 20... 
substrate, 21... insulating film, 22... body contact 
portion . 
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(54) METHOD AND SYSTEM FOR FABRICATING MOS 
TYPE SEMICONDUCTOR DEVICE HAVING SOI 
STRUCTURE 



PURPOSE: To suppress deterioration of the performance 
of a transistor due to increase in the capacity of gate 
electrode at the time of formation of a body contact 
region. 

CONSTITUTION: A source region 6 connected with a 
source electrode 1 0 and a drain region 7 connected with 
a drain electrode 11 are formed on a silicon layer 16 
overlying an insulation film 15 on the opposite sides of 
a channel region 9 connected with a body contact region 
8. The body contact region 8 is connected with a body 
contact electrode 12 and a gate electrode 5 is formed 
through an insulation film 18, thicker than a gate 




insulation film 4, on the channel region 9 and on a part 
of the gate insulation film 4 and the body contact region 8. 
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50 [0 0 2 4] $fc, -7*— hmffi5(0^>f ? hffi 
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i8ii hSffi5©^jEfefB«i^©ia i (a) \zmm 

Mft-Zfr?rffl&\ 7fcJ&s!c&*u ^*MI$c9_h(7)y 
[0 0 2 5] ^OJ:5?i«fife(C±3tN-Ctt, MOSFET 

[0 0 2 6] -(Di^^&tCiHi^ y-hm^5^» 

[0 0 2 7] Igl2tt, *Ma^SO IiigMOSl 
^iMtOiWlW^P^f^MO S F E TOWfig 
=&r^i"EiTgl2 (a) ti^g&sFSEI, 0 2 (b) tt^co 

[0 0 2 8] ^- M^5il 93o£ 

U^tV h^8±^^Lt^$7X, 

10 0 2 9] coi5*fllJ*l-*5V^H:, ffiOT©J?^#fe 
OH y-h^^4(0^il^m^^i-^k:^^:67 v ci6 
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[0030] c^ct p^fflffiJcii^^xt, y-hm^s 

z. <D&m%KftM%i 1 7coS«[(c:tSSr6^-hSfi^J!)D 

[0031] mzz<o£5\z.faf&ztiz>soimmMo 
jo $¥mfcmw<Dm&xm^\<^xm.m-rz> 0 m3-m9 

( a ) tt, SOI $fi£MO S ^3»^S<OS4^?SfecO — 
^^t^MOSFET^Iii^ftSgW 
E®£^Lfcfco-?&»K 09 (b) Ji®9 

(a) ^)?®ia^Lt^5o 

[0 0 3 2] £1\ g|3(^t-J: ^ylil 4 

flH2£7f^-f 

[0033] mcwm<ttiEm%&3s u^^yii6 

[0 0 3 4] &t-[D 6 i-^-T J: 5 \zm=mi$ffi8LV>% 1 
$ btero&tg 2 0 :HiiJ;ot0 7(^ 

mm^m^xmm<nm^m2<Dmmmi 8&Mf&zfr 
[0035] w-m8^-rxo^- hmmm4±K 

^SAt6 0 -h,(-J:o-C[gl9 (b) l^-fi^y- 

[0 0 3 6] $t>«-^*^«9t^i^i-svy 

40 Jil 6 ±feM&£frX^Z&2<DmttMl 8<D~m^ 

^, Z(D#^J^>??h$&2 2l^mm$;%LX-t%Z 
k^XV, 139 (a) , (b) {c^Ti5^soi»at 
MOS^^ii^M^^, 

[0037] z<D£*>t£W&%mzi:frY£* mrnmtx. 

[0 0 3 8] fc*s, ^L/c^^Jf^^Tfi, jKt 5 ^ 
50 =r>-^^ MS«Mfllil^y-^«t KW« 
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C0O3 9] sai&ufcHJfe^j(-*j^r*±, soi 

«tMOS^^«<M<!: UNff^MOSFET 
[0 0 4 0] 

[0 0 4 1] *fc, W^Ci^SOlHitMOSW 

s s o i mmMosm¥mftm&&&c*TM®tx*mM>\z. 
[01 ] w^fa^so im&Mosm^mfcmw 
[0 3] ^(asso i«5tMosM^fr^e 
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•y— i 1-KwySi, 
ly^^hm i 3<<-mr$%&BM, i4 
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